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SPECIFICATION 

New highly sterically hindered guanidines and process for the production thereof 

5 This invention relates to new highly sterically hindered guanidines, to processes for their production and to 5 
their use in chemical synthesis. . 
Generally, highly sterically hindered organic bases play an important part in chemical synthesis. 
Among the highly hindered strong bases, those of the amidfne type are relatively few in number, but are 
particularly interesting in the field of synthesis. However, these amidine bases are attended by the 
10 disadvantage of being relatively expensive. 10 
It is for this reason that the present invention seeks to provide a new series of highly hindered organic 
bases which may be produced from relatively inexpensive products. 

More particularly, the present invention relates to a series of guanidines which are stronger and more 
hindered than the amidine bases hitherto used. The compounds in question correspond to the following 
15 formula: n, 15 



Ri, R'i, R a and R 3 independently represent a Ct-Ce alkyl radical, in addition to which R 3 may represent a 
hydrogen atom, the alkyl radicals together containing in all at least 8 carbon atoms. 
25 The present invention also provide highly sterically hindered guanidines of formula (I) in which Ri, Rt', Rzr 25 
R 2 ' and R 3 independently represent a hydrogen atom, a methyl, ethyl, isopropyl or tertiary butyl radical, the 
alkyl radicals together containing in all at least 8 carbon atoms, with the proviso that when the four radicals 
Ri, Ri', R* R2', all represent a methyl radical or all represent an ethyl radical, then R3 is not a tertiary butyl 
radical. 

30 Among the substftuent alkyl radicals, the methyl, ethyl, isopropyl or t-butyl radicals are mentioned in 30 



The new guanidines according to the present invention may be prepared in particular by reacting an amine 
corresponding to the following formula 



20 



> 




in which 



particular. 



35 



R3NH2 



III) 



35 



with a Vilsmeier salt corresponding to the following formula 



40 




C 1 



40 



45 The Vilsmeier salt may be prepared by treating the corresponding tetra-alkyl urea in a solvent, particularly • 45 
benzene or ether, with phosgene in toluene or in ether at 0°C. 
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SCHEME 2 




This process, which is illustrated in scheme 1, may be used in particular for producing guanidines 
corresponding to the following formulae: 



45 



50 



55 



v-V 



(1) 



12) ^ 



Ml I 



In cases where the guanidines to be produced ere more hindered, such as those corr sponding to the 
following formulae: 
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it is not possible to prepare the Vilsmeier salts from tetraisopropyl urea, instead, they have to be prepared as 
15 shown in scheme 2 from tetraisopropyl thiourea under the same conditions as before. 15 
With regard to the most highly hindered urea (6), ft is is necessary, in order to obtain a satisfactory yield of 
the amine over the Vilsmeier salt to introduce the Vilsmeier salt in the form of the corresponding anion by 
reacting the t-butyl amine in the presence of t-butyl lithium. 
The guani dines according to the present invention may be widely used in the field of chemical syntheses. 
20 Thus, the guanidines according to the invention may be used in the production of esters by alkylating 20 
carboxyiic acid amidinium salts with alkyl halides, as already described in the literature: N. Ono, T. Yanada, 
T. Sarto, K. Tanaka and A. Kaji, Bull. Chem. Soc. Jap., (1978), 5/, 2401, this process being of particular interest 
for the production of highly hindered carboxyiic add esters. 
The carboxyiic acid salts with the guanidines according to the invention lead to an extremely fast and clean 
25 reaction when they react with alkyl iodides to give the corresponding esters in very high yields. 25 
Examples of reactions using the compounds according to the present invention are illustrated below in 
schemes 3 and 4: 
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In scheme 3, th hederagenin reacts rapidly in DM Fat ro mtemp ratu re with methyl iodide in the 
presence of the compound according to the inv nti n to give the corresponding methyl ester in a yield of 
88%. 

In scheme 4, the adamantanoic acid reacts almost immediately in benzene in the presence of isopropyl 
iodide at ambient temperature to give the isopropyl derivative in a yield of 91%. 

The compounds according to the invention may also be used in the preparation of A-2 and A-3-cholestene 
from 3-0-hydroxy chotestane tosy late. 

According to the literature, this reaction takes place under reflux at 170°C in colliding giving a yield of 60% 
in 6 hours in accordance with the following scheme: 



Tos< 
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When the tosylate is heated for 24 hours at 1 20°C with the guanidine (1 ) according to the present invention, 
a mixture of A-2 and A-3-cholestene is obtained in a yield of 80% after purification by column 
chromatography. 

When the tosylate is heated for 24 hours at 1 20°C with the compound of formula (3), the mixture of A-2 and 
A-3-cholestene is obtained in a yield of 79% after column chromatography. 

It is also possible to alkylate 2,6-dimethyi phenol in a yield of 80% exclusively on the oxygen with the 
compound of formula (1) by way of the corresponding phenoxide, followed by the addition of methyl iodide 
at ambient temperature. 

Alkylation of ethyl acetoacetate is als p ssible using the compound f formula (1) as base. 

The addition of an equivalent of the c mpound of formula (1) to a solution of ethyl acetoacetate in ether, 
followed by the addition of an excess of methyl iodide, giv s 83% of the monc-C-alkylated compound (a) 
accompani d by only traces of the dimethylated compound (b) after a reaction time of approximately 5 
minutes: 

CH 3 CO v y COz£X CH 3 CO XCfcEt 

CH 3 X 
(b) 



45 



(a) 



50 



55 



60 



l CH 3 



The mono-C-atkylated comp und may be reconverted Into th di-C-alkylated derivative (b) In a yield of 
65 83% in the presence of another quantity of the compound of formula (1) and an excess of methyl iodide. 65 
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The following Examples are intended to illustrate other features and advantages of the invention with ut 
limiting it in anyway. 



EXAMPLE 1 

5 /toparatfon of /v^bt/fy/^ 5 
A solution of 5g (0.043 mole) of N,N,N',N'-tetrarnethylurea in 10 ml of dry benzene is added dropwise over 
a period of 1 0 minutes with stirring at OX to a solution of 8.29g (0.084 mole) of phosgene in 25 ml. of toluene. 

The mixture is heated to room temperature and then stirred for 2 hours. The solvents and the excess 
phosgene are evaporated, leaving the following compound 
10 g 10 




15 15 

in the form of a hygroscopic white crystalline solid. 

15 ml of dry t-butylamine (0.143 mole) is added with stirring to a solution of this solid in 10 ml of dry 
acetonitrile at a temperature of 0°C. 

The mixture is heated to room temperature and then refluxed for 2 hours. The solvents are evaporated and 
20 the residue is triturated four times with 50 ml of ether. 20 

20 ml of a 50% aqueous sodium hydroxide solution is added to the residue. After cooling of the mixture, it 
is extracted with 250 ml of ether. The extract is dried over anhydrous sodium sulfate, filtered and evaporated 
to give a pale yellow oil. 

Distillation gives 6.25 g of the title compound in the form of a colourless liquid (yield 85%). This product 
25 has the following characteristics: 25 

Bp. 760 mm 178-183°C 

v maJC (liquid film) 1620 cm' 1 (C-N) 

6 <CDCI 3 ): 1.22 (9H, S, N.CfCHafe) and 

30 2.67(12H,S,(CH 3 ) 2 N.C.N(CH3) 2 ) 30 

m/e: 171 (M + ). 

EXAMPLE 2 

Preparation ofN^N^tr^tatraethylurea 
35 100 ml of anhydrous diethyl amine (0.965 mole) are added dropwise with stirring at -78°C to a solution of 35 
8.72 g of phosgene (0.089 mole) in 30 ml of dry ether. 
25 ml of ether are then added and the mixture is heated to room temperature and stirred for 1 8 hours. 
The product is filtered and the residue is washed with ether. The filtrate is then evaporated, leaving an 
orange oil. 

40 The product is dissolved in chloroform and the solution is washed with a 1 M aqueous hydrochloric acid 40 
solution, water, a saturated sodium bicarbonate solution, water and finally with brine. 

Dyring over anhydrous sodium sulfate, filtration and evaporation give 14.7 g of N,N,N',N'-tetraethyi urea 
in the form of a chromatographically homogeneous pale yellow oil (yield 97%) having the following 
characteristics: 



45 



45 



Bp.: 213-215°C(lrL205°C) 
v m „ 2975, 2940, 2875 (C-H) and 1645 cm' 1 |C«0, urea) 

6 (CDCts): 1 .09 (1 2H, t, J - 7Hz, 4 x .CHzCHa) and 

3.17 (8H, q, J = 7Hz, 4 X .CHa-CHg) 
50 m/e: 172 (M + ) 50 



EXAMPLE 3 

Preparation of N^4utyW,W,W t W4etraethyl guanfdine 

39.5 g of phosgene (0.40 mole) in 100 ml of dry ether are added to 12.0 g of N,N,N',N'^etraethyl urea (0.07 
55 mole) and the mixture is left standing at room temperature for 24 h. 55 

The ether and the excess phosgene are evaporated to giv anorang gum which Is diss IvedinlOmlof 
anhydrous acetonitrile. 

30mlof dryt-butylamin (0.28 mole) are carefully added to the resulting solution cool d in an ice bath and 
th mixture left standing for 1 5 hours at room temperature. 
60 The solvents are evaporated and the residue is triturated with ether to give a white crystalline solid. The 60 
solid is mixed with 50 ml of e 50% aqueous potassium hydroxide solution and extracted with ether. The 
ethereal extract is dried over anhydrous sodium sulfate, filtered and evaporated to give a pale yellow oil. 

Distillation in vacuo gives 7.64 g of a colourless liquid (yield 48%). This product, which corresponds to the 
title compound has the following characteristics: 
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Bp: 60-62°C{0.05mmHg) 
vmax (liquid film): 2975, 2940, 2875 (C-H) and 1620 crrr' (C=N) 

ft (CDCI 3 ): 1.00 (12H, t, J = 7Hz, 4 x .CH 2 .CH 3 ), 

1.21 (9H,S,.C(CH 3 l 3 )and 
5 3.00 (8H, q, J = 7Hz, 4 x .CHz.CHa) 

m/e: 227 (NT) 



Found C 68.72 H 12.82 N 18.70 C^H^Na 

Calculated C 68.66 H 12.85 N 18.48%. 



10 



10 



EXAMPLE 4 

Preparation ofN r N-diethyl-N',N'-diisopropYturea 

50 ml of diethylamine (0.48 mole) are added to 5.699 g of N,N-diisopropyl carbamoyl chloride (0.035 mole) 
in a flask equipped with a reflux condenser. The reaction is exothermic and the mixture is left standing for 3 
15 hours at room temperature. 

The excess diethylamine is evaporated and the product is distributed between ethyl acetate and water. The 
organic phase is washed with aqueous 1M hydrochloric acid, water, a saturated sodium bicarbonate 
solution, water and finally with brine. 

The solution is dried over anhydrous sodium sulfate, filtered and evaporated to give a chromatographical- 
20 ly homogeneous (thin-layer chromatography, ether hexane 1:1) colourless liquid. 20 

Distillation under reduced pressure gives 4.91 1 g of a colourless liquid corresponding to the title 
compound (yield 70%) which has the following properties: 

Bp.: 54-57°C (0.03 mmHg) 

25 v max (liquid film): 1645 cm" 1 (C=0, urea) 25 

6 (CDCI3): 1 .05 (6H, t, J = 7Hz, 2 x CH 2 .CH 3 ) 

1 .23 (12H, d, J = 7Hz, 2 x CH 3 .CH.CH 3 | 
3.02 (4H, t, J = 7Hz, 2 x ,CH 2 .CH 3 ) and 
3.30 (2H, septet, J ■ 7Hz, 2 x CH 3 .CH.CH 3 ) 
30 m/e: 200 (NT), 185(M+-CH 3 ), 157 IIST-CsHt) and 30 

100(lYr-C 4 H l0 NO) 



Found C 65.93 H 12.18 N 14.10 C 11 H 24 N 2 0 

Calculated C 65.95 H 12.08 N 13.99% 



35 



EXAMPLE 5 

Preparation ofN-t-butyl-N\N'^iethyl-tV',tsr-diisopropYl guanidine 

A solution of 20 ml of phosgene (0.28 mole) in 50 ml of dry ether is added to a solution of 1 1.305 g (0.05 
mole) of N,N-diethyl-N',N',-diisopropyl urea in 40 ml of dry ether. 
40 The mixture is left standing at room temperature for 9 days during which a white crystalline precipitate is 40 
formed. The ether and the excess phosgene are evaporated to give a white crystalline hygroscopic solid 
having the following characteristics: 

6 (CDCI3): 1.10 (6H, t, J = 7Hz, 2 x .CH 2 .CH 3 ) 

45 1.27 (12H, d, J = 7Hz, 2 x H3C.CH.CH3) 45 

3.12 (4H, q, J = 7Hz, 2 x .CH 2 .CH 3 | and 
3..70 (2H, septet, J « 7Hz, 2 x H 3 C.CH.CH 3 ). 



The product is dissolved in 20 ml of dry distilled acetonitrile and 40 ml of t-butylamine added to the 
50 resulting solution. 

The mixture is heated to reflux temperature over a period of 72 hours and the solvents are evaporated. The 
product is thoroughly triturated with ether and then treated with a 50% aqueous potassium hydroxide 
solution. The mixture is extracted with ether and the ethereal extracts are washed with brine. 

After drying over anhydrous sodium sulfate, filtration and vaporation, a pale yellow liquid is obtained. 
55 The product is dried over p tassium hydroxide pellets and distill 6 in vacuo to give 8.32 g of the titl 
compound in the form of a colourless liquid (yield 60%). 

The traces of N,N-diethyl-N',N', diisopropyi urea present ar liminat d by treatment with an excess of 
hydrogen chloride in ether, followed by trituration of the insoluble residu with ether. The title compound is 
liberated using a 50% aqueous potassium hydroxide solution, followed by extraction with ether and 
60 evap ration of the ether al extract to give a colourless liquid which has the following properties: 



B P- 74-77°C(0.09mmHg) 
Vmax (liquid film): 1614 cm" 1 (C=N) 

5 (CDCI3): 1.03 (6H, t, J = 7Hz, 2 x .CH 2 .CHs) 

1.20 (12H, d,J = 7Hz,2x H3C.CH.CH3) 
5 1.23{9H,S,.C(CH 3 ) 

257 (4H.q, J = 7Hz. 2 x ,CH 2 .CH 3 ) and 
3.35 (2H, septet, J = 7Hz, 2 X CH3.CH.CH3) 
m/e: 255 (M + ) 

10 Found C 70.69 H 13.02 N 16.46 C«HmN, 

Calculated C 70.53 H 13.02 N 16.46%. 

EXAMPLE 6 

Preparation of N^ylW, WW, W+etraisopmpyl guanidine 
1 5 M t S X 0n ° f ? m ' of phos 9 ene « 27 - 92 m °'es) in 10 ml of dry ether is added to 0.963 g of distilled, dry 
N.N.N ,N -tetraisopropyl guanidine (3.95 moles). A precipitate is rapidly formed and the mixture left 
standing at room temperature for 2 hours. The solvent and the excess phosgene are evaporated to give a 

£X*Je^ 

^andlT^ 

The product is extracted with ether and treated with brine. 

obtato ed S?d < 85%? nhydrOUS 8 ° d!Um mtta6 ° n 8 " d evaporation ' °'855 9 of a pale yellow oil are 

25 Drop-by-drop distillation in vacuo gives a colourless oil which has the following characteristics: 

Vma* (film): 1610 cm -1 (C=N) 

6(CDCI 3 ): 1.10(3H.t,J=7Hz,CH 2 .CH s > 

1.15 (12H, d, J = 7Hz. 2 x H3C.CH.CH3) 
30 1-25(12H,d,J = 7Hz,2xH3C.CH.CH3> 

3.18 (2H, q, J = 7Hz, CH 2 .CH 3 ) 
3.40 (2H, septet J - 7Hz, 2 x H3C.CH.CH3) and 
3.76 (2H. septet. J = 7Hz. 2 X H3C.CH.CH3) 
255(M*)and212(M + -C3H 7 ). 

EXAMPLE 7 

Preparation of N.N,N',W -tetraisopropyl guanidine 

m i SUSfi ? m ' 0fph ^ 8Bne 'f- 92 mmoles) in 10 ml of dry ether is added to 1.078 g of distilled, dry 
40 standing at room temperature for 2h. 

The solvent and the excess phosgene are evaporated, leaving a white solid. The product is dissolved in 2 
mlof distilled dry acetonitrile and an excess of ammonia gas is injected into the solution et 0°C 
The solvent is evaporated, leaving a pale brown crystalline solid which is treated with a 50% aqueous 

^ S8 ' Um ^ dS !°' U !i 0n and extracted witn «ther. The ethereal extracts are dried over anhydrous 
45 sodium sulfate, filtered and evaporated to give 0.874 g of a pale orange oil (yield 81%) 

K2£ bv £"y d I ' sti ! lation in vacuo 9 ives a colourless oil which corresponds to the tide compound and 
wmcn has the following properties: 

W (film): 3350-3100 (NH), 2970, 2930, 2870 (CH) and 

50 1590 cm- 1 (C=N) 

6(COa 3 ): 1.20(24H,d,J = 7Hz.4xH3C.CH.CH3) 

3.65 (4H, septet, J = 7Hz, 4 x H3C.CH.CH3) and 

EXAMPLE 8 

Preparation of the methyl ester of hederagenin 

0.41gofhederagenin(0.87mmole)isaddedtoasoluti nof0.199gof N-t-butyl-N',N' N'N"- 
tetramethylguanidine (1.16 mmoles) in 3 ml of dry dimethyl formamide. The mixture is heated until the solid 
60 dissolves and is then left to cool to room temperature. 

m , 1 n ml0fl dometnane (0.016 m I ) is then added and the mixture is left standing at room temperature for 45 

50mlofwat rare then add d to the reaction mixture and a white crystalline precipitate of hederagenin 
methyl ester is formed. Th product is filtered and washed with water before being dried in vacuo to ofve 
65 U-371 g of the tide compound (yield 88%). 



35 
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The product thus obtained has a melting point of 231 -233°C (lit 240°C). 
EXAMPLE 9 

Preparation of the isopropyl ester of Uadamantane carboxy/ic add 
5 0.289 o of 1-adamantane carboxylic acid are dissolved in 3 ml of distilled, dry benzene and 0.344 g of 
N-t-butyl-N'^'^N'^N'-tetramethyl guanidine (2.01 mmoles). 1 ml of 2-iodo-propane (10.02 mmoles) is added 
to the resulting solution and the mixture is left standing at room temperature. After about 5 minutes, a heavy 
yellow oil separates from the solution. 
After 30 minutes, the solvent and the excess isopropyl iodide are evaporated to give a yellow oil. The 
10 product is distributed between ether and aqueous 1 M hydrochloric acid and the aqueous phase is 

re-extracted with ether. The combined ethereal extracts are washed with water, a saturated aqueous sodium 
bicarbonate solution, water, a 5% aqueous sodium thiosulfate solution and finally with brine. 

After drying over anhydrous sodium sulfate, filtration and evaporation, 0.32 g of a chromatographically 
homogeneous colourless oil which crystallises on standing is obtained (yield 91%}. 
15 This ether has a melting point of 29-30°C. 

EXAMPLE 10 

Reaction of 3-Q-cholestanyl tosy/ate with N-t-butYl-N''N'^iethyl-N°,W4iisopropyl guanidine 
0.269 g of 3-p-cholestanyl tosylate (0.50 mmole) is mixed with 1 .34 g of N-t-butyl-N'^'-diethyl-N^N"- 
20 diisopropyl guanidine (5.25 mmoles) and heated for 20 hours to 120°C. The product is then distributed 

between an excess of aqueous 1M hydrochloric acid and ether. The aqueous phase is re-extracted with ether 
and the combined extracts are washed with water, a saturated aqueous sodium bicarbonate solution, water 
end finally with brine. 

After drying over anhydrous sodium sulfate, filtration and evaporation, a colourless oil is obtained. The 
25 product is purified by column chromatography on silica gel (eluent: ether/hexane 1 :4) to give a mixture of 
A-2-cholestene and A-3-cholestene in the form of a white crystalline solid (0.145 g, yield 79%). 

Crystallisation in a mixture of ethyl acetate and methanol gives long needles having the following 
characteristics: 



30 M.p.: 68-71°C(lit67-68°C) 3q 

[<x]g° - +58 (Cl.1% of CHCI 3 ) 
(lit.+62,4.9%inCHCI 3 ). 

EXAMPLE 11 

35 Reation of ethyl acetoacetete with N-t-butyW\N\W,W4etramethylguanidineJiodomethane 35 

(A) A solution of 1.35 g of N-t-butyl-N%N^NMetramethyl guanidine (7.89 mmoles) in 3 ml of distilled, dry 
ether is added to a solution of 1.023 g of distilled ethyl acetoacetate (7.87 mmoles) in 3 ml of distilled dry 
ether. 1 ml of iodomethane (16.1 mmoles) is added drop wise to the cooled mixture and the product is heated 
to room temperature and then left standing for 1 hour. 

40 The mixture is filtered and the residue is washed with ether. The filtrate is evaporated to give 0.94 g of 40 
mono-C-methylated ethyl acetoacetate (yield 83%) containing less than 5% of dimethylated derivatives 
( N MR-s pact ros copy). 

(B) The 0.94 g of the above product are dissolved in 3 ml of distilled anhydrous ether and a solution of 1.50 g 
of N-t-butyl-N',N',N',N'-tetramethylguanidine (8.77 mmoles) in 3 ml of distilled dry ether is added to the 

45 resulting solution. 2 ml of iodomethane (32.2 moles) are then added and the mixture left standing for 2 45 
hours. 

The product is distributed between ether and water. The ethereal extracts are washed with brine, dried 
over anhydous sodium sulfate, filtered and evaporated to give 0.98 g of a colourless oil (yield 87%) of 
di-C-methylated compound and 13% of the starting compound (NMR-spectroscopy). 
50 gQ 
EXAMPLE 12 

Reaction of 2,6-dimethyl phenol with N^utyW^^^^etramethylguanidineUodomethane 

9.547 g of N-t-butyl-N',N',N w ,N w -tetramethyl guanidine (3.20 mmoles) and then 1 ml of iodomethane (16.1 
mmoles) ar added to a solution of 0.349 g of 2,6-dimethyi phenol (2.86 mmoles) in 2 ml of anhydrous ether. 
55 After 30 minutes, the solvents are evaporated and the product is distributed between eth r and an 55 
aqueous 1M hydrochl ric acid solution. The ether al extract is dri dov r anhydrous sodium sulfate, filtered 
and evaporated t give 0.31 g f 2,6-dimethyl anisole in the form of a pale yellow chromatographically 
h rnogeneous oil (NMR, IR, TLC); yield 80%. 
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CLAIMS' 



1. A highly sterically hindered guanidine of formula I 




(D 1 

10 in which: 

Ri, Ri', R 2 , R2' and R 3 independently represent a hydrogen atom, a methyl, ethyl, isopropyl or tertiary butyl 

radical, the alkyl radicals together containing in all at least 8 carbon atoms, with the proviso that when the 

four radicals R lf R,', R 2 , R 2 ', all represent a methyl radical or all represent an ethyl radical, then R 3 is not a 

tertiary butyl radical. 
15 2. A high sterically hindered guanidine according to claim 1, which is: 

N-t-butyl-N',N'-diethyl-N',N°-diisopropylguanidine, 

N-ethyl-N',N',NMSr-lotraisopropyfguanidine # 

N,N,N',N'-teti3isopropydguanidine, or 

N-t-butyl-N'^l' r N # ,N"4etra!sopropylguanidine. 
20 a A process for the preparation of a guanidine according to claim 1 which comprises reacting an amine 

of formula II: 



10 



15 



20 



R3NH2 



(ID 



25 



with a Vilsmeier salt of formula III: 



30 




4. A process according to claim 3, in which in said compound of formula III R„ R'„ R 2 and R' 2 are all 
ShS^ compound of formula (111) has been prepared by the action of phosgene on a 
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40 



s 

fi 



\ 
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5. A process according to claim 3, in which in said compound of formula HI R,, R' 1f R 2 and R' 2 are all 
45 methyl or ethyl, and said compound of formula (III) is prepared by the action of phosgene on a urea of 
formula V: 

0 
1/ 
c 
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30 



35 
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45 



50 
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60 



6. A process according to claim 3, in which the guanidine of formula: 

is prepared by reacting r-butylamine with an appropriat compound corresponding to formula III in the 
presence of /r-butyilithium. 



60 
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7. A process of chemical synthesis carried out with use of a guahidin f formula: 



(1) 



in which R 1f R' 1# R 2 , R' 2 and R 3 independently represent a Ci A alkyl radical, in addition to which R 3 may 
10 represent a hydrogen atom, the alkyl radicals together containing in all at least 8 carbon atoms, as a highly 10 
stencally hindered base. w r 
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